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Therapeuti c Agpntc 



Field of t he inventinTi 



s The present taveakm relates to catain novel salts of (2i)-3-(4-{2-(anino]-2- 

oxoethoxy,phenyD-2-etbox^pa,„ie acid derivattves. to processes forpreparing such 
con^unda. to .toir utility in treating clinical conditions inching Upid disorders 
^hprdernias) whether or not associated with insulin resistance and other .testations of 

tbe tnetaboUc sj^dron^. to n^as their ti^apeutic use and «> pharrnaceutical 
10 coiipositioiis conlaining them 



Backgrmmd of the. ni^^r,f^^Ti 



Tbe n^taboUc syndroiBe including type 2 diabetes melUtus, refers to a cluster of 
. — -ionsincludinginsulinresistax^ewithacco^^^ 

t3^e 2 diabetes zneUitus. arterial hypertension, ceatral (visceral) obesity, dysHpidaenna 
Observed as deranged lipoprotein levels typically characterised by elevated VLDL (very low 
density Hpoproteins). small dei.e LDL particles and reduced HDL (high density hpoprotein) 
concentrations and reduced fibrinolysis. 

20 

• '^'P^'-ologicalresearchhasdocun^rtedthatindividualswithinsulinres^^ 
greatly mceased risk of crdio^scularn^rbidity and tnortality, notably suffering 6onr 

myocanlial infarction and stroi. I. type 2 diahetes n.Ui«. atheroscfcrosis related co^ 
cause up to 80% of aU deaths. 

25 

to Clinical n«dicine acre is awareness of the need to increa^ the insulin sensitivity in 
parents wiUr the n=ataholic syndror* and ttas to conece.^ dyslipidaemia which is 
considered to cause the accelerated progress of atheroscteosia. However, cuxrenfly this is not 
umversaUy accepted diagnosis with well-defined phannncoth«apeu,ic indications. 

Co-p«adingPCTappHcationNo.PCT/GB02A)5743 discloses conipounds of forrr-JaA 
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O 

A 



wherein n is 1 or 2 and pharmaceuticaUy acceptable salts, solvates, crystalline fonrn and 
prodrugs thereof are highly potent PPARa modulators. PPAR is short peroxisome 
proliferator-activated receptors (for for a ie>dew of the PPARs see T. M. WlUson et al . J Med 
• Chem 2000, Vol 43, 527). TTiese compounds are effective in treating conditions associated 
with insulin resistance. Specific pharmaceuticaUy acceptable salts of compounds of the 
formula A are not disclosed in PCT/GB02/05743. Further, no information is provided in 
relation to how ciystalline forms of con^jounds of the formula A, and particularly salts 
thereof, may be prepared. The compound in which n is 2 is prepared as the free acid in this 
^Ucation. However, this compound is a syrup and is thus not suitable for use in 
pharmaceutical formulations. Therefore there exists a need for a derivative of this conpound 
which has physical and chemical properties suitable for use in pharmaceutical formulations. 
Attempts were made to produce salts with many different counter-ions. However, most w^ 
unsatisfactory for one of the following reasons. A salt could not be formed in the soUd state 
or if formed the salt was amorphous with a low glass transition temperature. 

In the formulation of drug conpositions, it is ixnpomm for the drug substance to be in a form 
in which it can be conveniently bandied and processed. This is of in^jortance, not only from 
the point of view of obtaining a commercially-viable manufacturing process, but also fromthe 
point of view of subsequent manufacture of pharmaceutical formulations conprising the 
active corcpoimd. 

in the manufacture of drug con^jositions. it is in^ortant that a rehable. reproducible 
and constant plasma concentration proffle of drug is provided foUowing administration to a 
patient. 



Chemical stabiHty. solid state stability, and "shelf life" of the active ingredients are also very 
important factors. The drug substance, and con^ositions containing it. should preferably be 
capable of being effectively stored over appreciable periods of time, without exhibiting a. 
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significant change in the active con^onent's physico-chemical characteristics (e.g. its 
chemical con9)osition. density, hygroscopicity and solubility). 

Moreover, it is also important to be able to provide drug in a fonn which is as chemicaUy pure 
5 as possible. 

The skilled person will appreciate that, typically, if a drug can be readily obtained in a stable 
fonn, such as a stable crystalline form, advantages may be provided, ia tenns of ease of 
handling, ease of preparation of suitable pharmaceutical formulations, and a more rehable 
10 solubility profile. 

Description of tbe inveTitinTi 

The present invention provides a con^jound selected from one or moxe of the following: 

15 

a ( 12e.25)-2-hydroxyindan-l-amine salt of (25)-2-ethoxy-3-(4-{2-[hexyl(2-phenylethyl)amino]- 
2-oxoethoxy}phenyl)propanoic acid; 

anL-argininesaltof(25)-2-ethoxy.3-(4-{2-[hexyl(2-phenylethyl)ainino-2- 
oxoethoxyphenyl)propanoic acid; 

20 aterr-butylamine salt of (25)-2-ethoxy-3-(4-{2-[hexyl(2-phenylethyl)amino-2- 
oxoethDxyphenyl)propaiioic acid; 

a cholme salt of (25)-2-ethoxy-3.(4-{2-[hexyl(2-phenylethyl)amino]-2- 

oxoefhoxy}phenyl)propanoic acid; 

or 

25 atrisChydroxymethyDmethylamine salt of (2^-2-ethoxy-3-(4-{2-[hexyl(2-phenylethyl)amino]-2- 
oxoethoxy}phenyl)propanoic acid. 

We have found that certain conpounds of the mvention have the advantage that ihey may be 
prepared in crystalline form 



30 



According to a further aspect of the invention there is provided a con5)Ound of the invention 
in substantially csrystalline form. 
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Although we have found that it is possible to pioduce compounds of the invention in fonns 
which are greater than 80% crystallme, by "substantiaUy crystalline" we include greater than 
20%, preferably greater than 30%. and more preferably greater than 40% (e.g. greater than 
any of 50, 60, 70, 80 or 90%) crystalline. 

5 

According to a further aspect of the invention there is also provided a con^und of the 

invention in partiaUy crystalline form By '^partially crystalline" we include 5% or between 
5% and 20% crystalline. 

10 The degree (%) of crystalhnity may be determined by the skilled person using X-ray powder 
diffraction (XRPD). Other techniques, such as solid state NMR, FT-IR, Raman spectroscopy 
differential scanning calorimetry (DSC) and microcalorimetiy, may also be used. 

Compounds of the invention, and particularly crystalline compounds of the invention, may 
have improved stability when compared to con5>ounds disclosed in PCT/GB02/05743. 

Ihe term "stabiUty" as defined herein includes chemical stabihty and solid state stability. 

By "chemical stabihty", we include that it may be possible to store compounds of the 
mvention in an isolated form, or in the form of a formulation in which it is provided in 
admixture with pharmaceutically acceptable carriers. dUuents or adjuvants (e.g. in an oral 
dosage form, such as a tablet, capsule etc.). under normal storage conditions, with an 
insignificant degree of chemical degradation or decomposition. 

By "soUd state stability", we mclude that it may be possible to store confounds of tOie 
invention in an isolated sohd form, or in the form of a soHd formulation in which it is 
provided in admixture with pharmaceutically acceptable carriers, diluents or adjuvants (e.g. in 
an oral dosage form, such as a tablet, capsule etc.), under nomial storage conditions, with an 
insignificant degree of solid state transfonnation (e.g. crystalUsation, recrystallisation, solid 
state phase transition, hydration, dehydration, solvatisation or desolvatisation). 

Examples of "normal storage conditions" include temperatures of between minus 80 and plus 
50»C (preferably between 0 and 40»C and more preferably room temperatures, such as 15 to 
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30 C).pr«^sofbe.ween0.1 2 bar. (p^febly a, «to»spterio p^ssure). «lattve 
tanudities Of be«.een 5 a.d 95% (preferably 10 u> 60%). »d/or expo«« 460 to of 
UVA^ible light, ibrprolo^edperiods (ie. grea«ra«mor»,«al» sixn^nas), u^such 
cOBdrtro... confounds ofa^inventio,,n.ayl»fi>™dK,te teas d^ 15%. „«>„p^M„ 
5 leas ton 10%. aud eap^ially l«s a>aa 5%. ohe,^ally.degraded/deco»poaed. or solid s«te 
"^formed, aa „propria«. The aMl«l person ^iH appreciate that .he abo^-n^tioned 
"pper and lower lirnits for temperature, presaure and relative torrndity represent extre^a of 
nom^ storage conditions, and that certain combinations of these extt^n^s will no. be 
^ expertenced during nom^ storage (^g. a t«,^e of 50»C and a pressure of 0. 1 bar). 

Itmay be possible u> crystamse salts ofcompounds of formula A wid.or wifl>out a.pres«ace 
of a sob^ system (e.g. crystallisation may be fiom a mel, under supetcritical conditions, or 
achreved by sublimation). However, we prefer tot oystalUsation occura fom an appro^ 

solvent system ^ 

15 

^cordtog .0 a teher aspect of a. invendon, fl^ is provided a pcocesa for the preparation 
Of a crystalline compound of fte invention which comprises crystallising a compound of the 
mvention torn an appropriate solvent system 

^ Qystalliaation .temperatures and crystalliaatfon times depend upon the sal. tot is to be 
cryatafflsed. tb. a»cen.ratioa of to. salt in solution, and to solvent system which ia used. 

Crystallisation may also be initUted and/or effected by way of s.anda.d techniquea fbr 

r 

Di^r^t crystalline forms of to compounds of to ir^«on may be readUy charaCerised 
uamg X-ray powder diffraction CXRPD) mea^oda. fcr exan^fe as described hereinafter. 

30 ■"O'^''" — that a particular crystalline fcrm is prepared in to absence Of otor 
crystanme fom^. crystallisationa are preferably carried out by seeding with nuctei and/or seed 
^sta^ of to desired crystalline form in substanti^y complete absence of nuclei and/or seed 
cryatals of otor crystalline fbnn. Seed crystals of appropriate compound may be prepared 
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for exan5)le, by way of slow evaporation of solvent fiom a portion of solution of appropriate 
salt. 

Confounds of the invention may be isolated using techniques which are weU known to those 
5 skilled in the art, for example decanting, filtering or centrifuging. 

Compounds may be dried using standard techniques. 

Further purification of conopounds of tb& invention may be effected using techniques, which 
10 are well known to those skilled in the art For example impurities may be removed by way of 
recrystaUisation from an appropriate solvent system. Suitable temperatures and times for the 
recrystaDisation depend upon the concentration of the salt in solution, and upon the solvent 
system which is used. 

15 When confounds of the invention are crystallised, or recrystallised, as described herein, the 
resultant salt may be in a form which has in^roved chemical and/or solid state stability, as 
mentioned hereinbefore. 

Compounds of the invention have the advantage that they may be more efficacious, be less 
20 toxic, be longer acting, have a broader range of activity, be more potent, produce fewer side 
effects, be more easily absorbed, and/or have a better pharmacokinetic profile (e.g. higher oral 
bioavailability and/or lower clearance), than, and/or have other useful phannacological, 
physical, or chemical, properties over, compounds known in the prior art Compounds of tiie 
invention may have the further advantage that they may be administered less jfrequentiy than 
25 conopounds known in the prior art 

Conqjounds of the invention may also have the advantage that they are in a form which 
provides for improved ease of handling. Further, confounds of the invention have the 
advantage that they may be produced in forms which may have in^roved chemical and/or 
30 soUd state stabihty (including e.g. due to lower hygroscopicity). Thus, such coicpounds of 
the invention may be stable when stored over prolonged periods. 
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good yields, iiahighDuritv . they may be Clystallised in 

niga punty, rapidly, conveniently, and at a low cost 

The compounds of the present invention have activitv.. a- 

^ -■^•"^-.^ypotenta^nistsofiirrir^r"^- '""^^•^ 

agonists of PPAR, He • ° compounds are also 

f PPAR,. T7>e te™ agomsts as used teein. includes partial agonists. 

present invention also provides the following en4„diments. 
A ("'.2'S)-2-hydroxyindan-l-aminesaltoff2!l9«i, , 

by peaks with d-values at 20.0, H-C 6.5. 4.41, 4.04 and 3.90A. 
A ( 1^.2^-2-hydroxyiiidan-l-anime salt nfn^-y *i- 

Aypxienyypropaiioic acid havine the IfPPn ■ 
B. ^"^^^P^"«^^bstantially as disclosed in figure 



30 



gthod.«ir>fp^^^^r,^r,^ 
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the range of 0-100*^0 and then adding the appropriate amine either neat or as a sohition in an 
inert solvent and isolating the sohd salt. The salt may be isolated by cooling the reaction 
solution and optionally seeding the solution with the desired product and/or concentrating the 
solution. Optionally the product may be isolated by adding an antisolvent to a solution of the 
product in an raert solvent. The sohd may be collected by methods known to those skilled in the 
art for exanq)le filtration or centrifugation. 

In another aspect the present invention provides the conqjound obtainable by reacting (2S)-2- 
ethoxy-3-(4-{2-[hexyl(2-phenylethyl)amino]-2-oxoethoxy}phenyl)propanoic acid and tert- 
butylamine in an inert solvent, particularly acetone and isolating the product Particularly an 
equivalent of ^m-butylamine is iised. 

In another aspect the present invention provides the conqjound obtainable by reacting (2iS)-2- 
ethoxy-3-(4-{2-[hexyl(2-phenylethyl)ainino]-2-oxoethoxy}phenyl)propanoic acid and 
(112,25)-2-hydroxyindan-l-amiae in an inert solvent, particularly ethyl acetate and isolating 
the product. Particularly an equivalent of ( 122,25)-2-hydroxyindan-l -amine is used. 

In another aspect the present invention provides the compound obtainable by reacting (25)-2- 
ethoxy-3-(4-{2-|>&xyl(2-phenylethyl)amino]-2-oxoethoxy}phenyl)propano^^ acid and 
(LR,2iS)-2-hydroxyindan-l -amine in an inert solvent, particxilarly ethyl acetate or isopropyl 
acetate, and isolating the product. Particularly an equivalent of ( li?,2S)-2-hydroxyindan-l- 
anoine is used. 

In another aspect the present invention provides the compound obtainable by reacting (25)-2- 
ethoxy-3-(4-{2-[hexyl(2-phenylethyl)amino]-2-oxoethoxy}phenyl)propanoic acid and L- 
arginine in an inert solvent, particularly ethanol or propan-2-ol and isolating the product. 
Particularly an equivalent of L-arginine is used. 

In another aspect the present invention provides the compound obtainable by reacting (2iS)-2- 
ethoxy-3-(4-{2-Dhexyl(2-phenylethyl)amdno]-2-oxoethoxy}phenyl)propan^ acid and 
choline in an inert solvent and isolating the product. Particularly an equivalent of choline is 
used. 
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la another aspect the present invention provides fhe coinpound obtainable by reacting (IS)-!- 
ethoxy-3-(4-{2-[hexyl(2-phenylethyl)an±io]-2-oxoethoxy}p^^^^^ acid and 

tnsChydroxymethyDmethylan^xe and isolating the product. Particularly an equivalent of 
5 tris(hydroxymetJiyl)methylamine is used. 

Tt. expression "inert solvent" refers to a solvent that does not react with the starting materials 
reagents, mtem^ates or products in a manner which adversely affects the yield of the desired 
product 

10 

^armaceutical preparatinng 

The compomds of a>e inveBtion wiU nomiaUy be adimoi««ed via the oral, paratteral, 
mtrave^,., i^,rc^. ^bcutaaeoua or in oto injectable ways, buccal, rectal, vaginal 
.5 "-^n>-J3nd/ornasalromeand/orviainhalation,,nthefbiniofpharmaceutical . 
preparations in a pham^ceutically acceptable dosage form. Depending upon the disorder and 

pat^m to be treated and the no«e of administration, the con^ositions may be adnmnst«^ 

wying doses. 



20 Suitable daily doses of the con^nnd of the invention in ther^eutical treatment of humans 
are about O.OODl-lOQ mg/kg body weight, preferably 0.001-10 mg/kg body weight. 

Oral formulations are preferred particularly tablets or capsules which may be formulated by 
methods known to those skiUed in the art to provide doses of the active confound in the 
25 range of O.Smg to 500n^ for example 1 mg. 3 mg, 5 rr^. 10 mg. 25n^. 50mg. lOOr^ and 
250mg. 

According to a further aspect of the invention there is tKus provided a pharmaceutical 
formulation including the compound of the invention in admixture with pharmaceutically 
acceptable adjuvants, diluents and/or carriers. 

30 
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The compounds of the invention are nsefial for the prophylaxis and/or treatment of clinical 
conditions associated with inherent or induced reduced sensitivity to insulin (insuhn 
resistance) and associated metaboUc disorders (also known as metaboUc syndrome). These 
clinical conditions will include, but will not be limited to, general obesity, abdominal obesity, 
arterial hypertension, hyperinsuhnaemia. hyperglycaemia, type 2 diabetes and the 
dysUpidaemia characteristicaUy appearing with insulin resistance. This dyslipidaemia, also 
known as the atherogenic lipoprotein proffle, is characterised by moderately elevated non- 
esterified fatty acids, elevated very low density lipoprotein (VLDL) triglyceride rich particles, 
high Apo B levels, low high density Upoprotein (HDL) levels associated wifli low apoAI 
particle levels and high Apo B levels in the presence of small, dense, low density hpoproteins 
(LDL) particles, pheno^e B. 

The compounds of the present invention are expected to be usefid in treating patients with 
combined or mixed hyperUpidemias or various degrees of hypertriglyceridemias and 
postprandial dyshpidemia with or without other manifestations of the metaboUc syndrome. 
Treatment with the present compounds is expected to lower the cardiovascular morbidity and 
mortahty associated with atherosclerosis due to their antidyslipidaemic as well as 
antiinflammatory properties. The cardiovascular disease conditions include macro- 
angiopathies of various internal organs causing myocardial infarction, congestive heart 
failure, cerebrovascular disease and periph^al arterial insufficiency of the lower extremities. 
Because of its insulin sensitizing effect the compound is also expected to prevent or delay the 
development of type 2 diabetes from the metabolic syndrome and diabetes of pregnancy. 
Therefore the development of long-term conqpUcations associated with chronic 
hyperglycaemia in diabetes meUitus such as the micro-angiopathies causing renal disease, 
retinal damage and peripheral vascular disease of the lower limbs are expected to be delayed. 
Furthermore the compound may be useful in treatment of various conditions outside the 
cardiovascular system whether or not associated with insulin resistance, like polycystic 
ovarian syndrome, obesity, cancer and states of inflammatory disease including 
neurodegenerative disorders such as mild cognitive impairment, Alzheimer's disease. 
Parkinson's disease and multiple sclerosis. 

The compounds of the present invention are expected to be useful in contirolling glucose 
levels in patients suffering from type 2 diabetes. 
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adffliimtratioi, of a en™v. h . ^ comprising the 



10 



to a ftither aspect the p,«em mvemion provides the „f 

tavaaionasamedicainent. ''~™^'^>^°^»«"Vo™iofthep,csent 
to a ftrther aspect the present invention provides the „f 

" ~"^'^~-ofa^i:^.t:^T""'"'^™' 

metabolic disorders. treatment of msulin resistance and/or 

^^^iT'^^^'"" Thrrnpy 

^ "Mirti:o"r:""^"~"^'^-°------- 

a^-oscIerosisX ^ ^''*>»-" - ^B-^ of 

^ oon^nnd of ll^rT""™"'^- obesity, 

^-«r«. rati^t^^^lr^ -bined wi«. another therapeutic age. that 

I^I^cho,esterolJ™^':.r^-'''^'^^'-'^=^^^.=velsof ■ 

^ ---.withthLritrrr":'^"'" 

angiopathies. ' *° ^^o^^'lications related to micro- 

~ti"rr:r""^"^--°-'-----~tof 

.yiiurome or type 2 diabetes and its assnoinf-,1 , • . 
30 biguanide drugs for exarnnv ^ ^sociated complications, these include 

reguiatorsanda.pM.sI.^s^aseL^TI^rrT'""*'"^"^' 
-Worvosh^oseor.nightol^exanii.^;:^'^^^'^*^-^^^^ 

«™pi °^ a Pr^idial glucose regulator is repaglinide or 
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nateglinide. 



to anote of ^ tov.^^ , ^^^^ ^ ^ .dmmi«««J ta 

assooiauon wiU. anote PPAR modukd^g agent PPAR nxxWating agenta include but a„ 
= no. ltau.ed .0 a PPAR alpha and/or gamma and /or delta agoni... or phannaoeutioally 
acceptable salts, solvates, solvates of such salts or prodmgs th«eof. Suiuble PPAR alpha 
and/or gamma agonists. pharmaceuticaUy accq-table sates, solvates, solvates of auch sates or 
prodrugs thereof a« wen too™ in the art Tbese include the compounds described in WO 
01/12187. WO 01/12612. WO 99/62870. WO 99/62872. WO 99/62871. WO 98/57941 WO 

.. 0^40170. J Med Chem. 1996, 39, 66S. Opinion on Therapeutic Patents 10 (5) 623 

634 (m particular the con,«unds described in the paten, applications listed on page 634) and 
J Med 2000, 43, 527 which are an incorporated hetein by reference. Particularly a 

PPAR alpha and/or gamma agonis. refers u> BMS 298585. clofibrate. fenoflbrate, bezafibtatt 
gcmfibrozU and c4™f5bra.e; GW 9578, piogli.a«>ne. rosigliuzone. rivoglitazone 

« balaglitazone, KRP-297. JTr-501. SB 213068, GW 1929, GW7845, GW0207. W96449 L- 
165041 and GW 2433. Particularly a PPAR alpha and/or gamma agonist refers «> (syz- ' 

«ioxy-3-[4-(2-{4.meaianesuIphonyloxy-phenyl)ethoxy)phenyripropanoic acid and 
pharmaceutically acceptable sates thereof. 

- '"^""^compoundofO^inventionmaybeusedinconjunctionwithaaulfonytaeafbr 
example: ghmepiride, gUbenclamide (glyburide), gliclazide. ghpiride, gliquidone 
chloropropamide. tolbutamide, acetohcxamide. glycopyramide, carbutamide. gUbonuride 
gluiox^id. glybuthia«,le. gUbnzole. glyhexamide. glymidine. glypinamide, phenbutamid^ 
.olcylamide and .olazamide. Preferably a» sulfonylurea is glimepiride or glibenclamide ' 

« (glyburide). More preferably the ^Ifonylurea is glimepiride. IT^ present invention include, 
admmistration of a compound of a» presen. invention in conjuncaon wia. one, «™ or nx,re 
«ustn,g therapies described in this combination section. The doses of the other existing 
todies fer 4e tteam,en. of type 2 diabetes and its associa.ed complications win be .hose 
known m tte ar. and approved for use by regulatory bodies for exan^le the FDA a,>d may be 

30 found in 4e Orange Book published by to PDA Ateemadvely smaller doses may be used as 
aresul.offliebeneftsderivedftomthecombinadon. The presen. invention also includes a 
con^und of tt« present invention in combination with a cholesterol-lowering agent The 
cholesterol-lowering agents refared u>m<m application include but ate not limited to 
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atorva^taun. ^^^^ 
mevasuao. mco.«m. niva«a«n. pra™«* ™i sfavaatati., or .phar^aoeuaoali; 
' s^. TOl, sod*™ or catetan, or a .o.v«e teeof, or a solvate of such a sal. 

Aparoc^ a«>rvasu4, or .pham^^,n, ^^^^^ ^^^^^ 

suehaaaltor.prodnigteeof. An>„:. particular seato is atorvastaancalciumsal. A 
partolarly prefc„«i auto is. however, a cor^und wifl. ^ chooncal na^ (B)-7-[4K4- 

fl»omphenyl)-6-isopropyl-2-[,^ttyl(^a.y,sulfoayl)-a„^„o>pyrh^ 
.. d^^yd^oxyhept-^eaoic acid, [also tao™ as (B)-7:t4-(4-fl«>r„phe„y0.«.iscpropyt2-[i.! 
»emy.-iV<„..hyls„lfoay0.an^]p„-5-y.]O^^^^^ 

orapharmaceuUcallyaccep«,ies.Uor«>lva.ete=of.oraaolvateofsuchasaltTl. 
co„^™^(B).7-[4-(4.fluor„pbenyl)-6-isop„>py,.2-[„^yK^^^^^ 

^ri^-5.,13(3R,5S)-3.5-dihydroxyhep.-6^ic acid, and l.s calcic, and sodi™. salts are 

" !r!^°!^"^™'"**"^"''^°"^'^"'"-''-'^° EP-A-052147,.ar^i.Bioorganic 
»d Medtcn^ Che.nia.ry. (1997), 3(2). 437-444. This latter statin is now known ™der il 

generic name rosuvastatin. 



In tte p^sent appIlcaUon, the tenn "cWesteroI-lowering agene - also includes ctanical 

^ ^cations Of theHMG-CoAreductaseinhihitors. such as esters, p^drugs and „..al„H,ea. 

whether active or inactive. 

T^epresent invention also inch^acotnpou.^, Of .hep^sentinventionincon^inat^ 
bUe ac„i sequestering agent, fcr exatr^Ie colestipol or cholestyranrine or cholestagel 

lie ^ invention also inctades a cot^u.^ of a« present invention in combination wim 
an mhib,a>r of the ileal bile acid transport system (BAf 'inhibitor). 

S^^Iecon^^^possessinglBAT inhibitory activity havebeendescribed. see for instance 
30 the con^unds described in WO 93/16055. WO 94/18183. WO 94/18184 WO 95AM188 
WO 9««484. WO 96/16051. WO 97/33882. WO 98/07449. WO 98A«8 8 WoT8182 
W0 99/32478. WO 99/35135. WO9S/40375.WO99/35153.WO99/644l r99^^^^^^ 
WO 00/01687. WO 00/47568, WO 00/61568. WO 00/62810. WO 01/6890 . DB 19^2 
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WO 00/38725, WO 00/38726, WO 00/38727. WO 00/38728, WO 00/38729. WO 01/68906. 
WO 01/66533, WO 02/32428. WO 02/50051, BP 864 582. EP489423, EP549967. 
EP573848, EP624593. EP624594, EP624595 and EP624596 and the conteats of tblse patent 
applications are incorporated herein by reference. 

Particular classes of IB AT inhibitors suitable for use in the present invention are 
benzothiepines, and the con5)ounds described in the claims, particularly claim 1, of WO 
00/01687, WO 96/08484 and WO 97/33882 are incorporated herein by reference. Other 
suitable classes of IBAT inhibitors are the 1.2-benzothiazepines, 1,4-benzothiazepines and 
1,5-benzothiazepines. A farther suitable class of ffiAT inhibitors is the 1,2,5- 
benzothiadiazepines. 

One particular suitable conqjound possessing IBAT inhibitory activity is (32?.52e)-3-butyl-3- 
ethyl-l,l-dioxido-5-phenyl-2,3,4,5-tetrahydro-l,4-benzothiazepin-8-yin-D- 
glucopyranosiduronic acid (EP 864 582). Other suitable IBAT inhibitors include one of: 

l.l-dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(iV:-{(R)-l'.phenyl-l'-[i\^Hcarboxyn^ 

carbamoyl]methyl}carbamoyhiiethoxy)-2.3.4,5-tetrahydro-l,5-benzothiazepine; 

l.l-dioxo-3,3-dibutyl-5-phenyl-7-methyltWo-8-(i\r-{(ll)-ot-[i\^Kcarboxymea^^^^ 

hydroxybenzyl}carbamoyhnethoxy)-2,3.4,5-tetrahydro-l,5-benzothiazepine; 

1, l-dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(iV- {(R)- r-phenyl-r-[iV'-(2- 

sulphoethyl)carbamoyl]methyl}carbamoylmethoxy)-2,3,4,5-tetrahydro-l,5-ben2othia2epine; 

l,l-dioxo-3-butyl-3-ethyl-5-phenyl-7-methyltMo-8-(iV-{(R)-r-phenyl-r-[isr'-(2- 

sulphoethyl)carbamoyl]methyl}carbamoyhnethoxy)-2,3,4.5-tetrahydro-1.5-benzothiazepine; 

l.l-dioxo-3,3-dibutyl-5-phenyl-7-inethyltMo-8-(Ar-{ai)-a-[iV'-(2-sulphoethyl)carba^ 

hydroxybenzyl}carbamDyknethoxy)-2,3,4,5-tetrahydro-1.5-benzothiazepiQe; 

l,l-dioxo-3-butyl-3-ethyl-5-phenyl-7-methylthio-8-(iV-{(R)-ar[iV'-(2-sulphoethyl) 

carbamoyl]-4-hydroxybenzyl}carbamDyhnethoxy)-2,3,4,5-tetrahydro-l,5-benzothiazepine; 

1, l-dioxo-3-butyl-3-ethyl-5-phenyl-7-methyltWo-8-(iV- {(R)-ar[JV'-(2- 

carboxyethyl)carbamoyl3ben2yl}carbamDyhnethDxy)-2,3.4,5-tetrahydro-1.5-ben20thiazepine; 

l,l-dioxo-3,3-dibutyl-5-phenyl-7-methyltMo-8-(2V-{(^)-a-[i\r'-(2-carboxyethyl)cM^ 

hydroxybenzyl}carbamoyhnethDxy)-2,3,4,5-tetrahydro-l,5-ben2othiazepine; 

l,l-dioxo-3-butyl-3-ethyl-5-phenyl-7-methylthio-8-(iV-{(R)-c^[iV'-(5-carboxypentyl) 

carbamoyl]benzyl}carbamoyhiiethoxy)-2,3,4,5-tetrahydro-1.5-benzothiazepine; 
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H-dxoxo-3,3-dibutyl-5-phenyl-7-inethylthio-8-(Ar-fa m'nI^J 
-Wyl,o„banx>y.)^,,,,„^ * '™ 

[(hj^xy)(,n«l5,l)ph„sphoryl]eayI)carban^yl)be^„jw^„; ,^ , 

la-afoxo-33-dibutyl-5-phenyl-7-m.thylthio-8-(Ar.fCRl.<x rw ■ 
U-«oxo-3,3-^.„yM-p,^,,,.^^^.3^J^^^^^ 

14-dioxo-3.3-dibutyl-5-pl^ayl.7.^axylthio-8-{iN.r^^ rr 
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eayI)c«ba™yl)-4-hydmxytonzyl)oarba™yl^;,,>2.3A5-tett*ydro-l 2 5- 

benzothiadiazepine; * ' 

l.I-dioxo-33Klibu.yl-5.phenyl.7.n,ea,yW»-8<Ar.{(R).o^[Ar<(S)-i.^^^ 
. ^y'^''™^«ba™yll-4-hydroxyb«.yl,carba:»,U„fl,^y,^^ 

benzothiadiazepine; • 

lU-dioxo-3.3-<autyl-5.phenyI-7-,nea.ylaio-8.(M((^^^^ 

-thylpropyDoarWyll^hydroxyWyl)caxbanK,yto.tt„>xy).2.3,4.5-.e.rahyd™.l 2 5- 
oenzofhiadiazepine; 

.0 W-'*--33-diteyl-5-phenyl-7-m.aylto-8<i.-((R).c.tiv^(S>i.e^^ 

«ri>anoyl]-4-hydroxybeiEyl)carbainoytoettK>xy).2.3A5-t«ral>y*o-l^ 

benzothiadiazepine; 

U-dioxo-33Habu.yI.5-phenyl-7-n»%iaio.8<i^.,(R).c^[,,.((S).l^^ 

oarba^yl]be^y,,car1^yta.to>xy)-2.3A5-.e«J>ydro.lA5-benzottaadiazep^ 
.s W-*°^°-3.3-d.T»tyl.5.ph«yl-7-n»mymo.8<M((R>o..[iV.((S> ' 

caAa^yl]be^yl}carban»yh^aK>xy)-23A5.te.rd>ydxo-lA5-ben.othiadi^^^^ 
14-<toxo.33MUbatyl-5-phenyl.7-n«a,yUhk>-8<W-((R)-c^[A^((S).i.carbox^^^^^ 

hydroxypropyDcarbanx>yabeDzyl)carbam>ylx^ttoxy)-2,3.4^.,ettA,dro-U 

benzothiadiazepine; ' ' 

- U-dioxo-3.3-dibu.yI-5-pbeny.-7-n«a.ylftio-8<iVH(^^^^ 

lfl-droxybeBzyl)carban>Dyto^ax>xy)-2.3A5-t«rahydro.l.2.5-be,^aiadia«^ 

14-dioxo-33-damyl-5-plKnyl.7-iMhylthio-8-(Ar-{CR)-a.[2V-((S>l- 
carboxyethyl)caxban»yfl.4-hy4oxytenzyl).axba.„yU^a„^).„,4_5^^ 2 5- 

benzothiadiazepiae; ' ' 

25 »>'-*°^-3.3-dibmyl-5-phanyl-7-n>ea>ylflJo-8-(iV.((R).<^f^^^^^ 

n«aiyla±.ea>yBc=rbar«>yl]benzyl)carban«>ytothoxy)-23A5-.eWlydro-l 2 5- 

benzothiadiazepine; ' ' 

14-4ioxo.33-dfl»,y,.5-phenyl-7-n«toy,ano.8-(^,.((R).„.(;,.{(^^ 
c^,x,xye«.yl)oa.ba«„,,3,„p,,,,^^^,j^^,j^^^^ 

30 l,z,5-benzothiadiazepiQe; 

ia-dioxo-33-dibutyl-5-phenyl-7-methylthio-8Ki^.{(R)-o^[A^.((^^^ 

n^thylpropyl)carbanK,yl]benzyl}carban«,yhnethoxy>23A5-tetr^^^^ 
benzothiadiazepine; 
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l.l-Dioxo-33-dfl,utyl-5-phenyl-7-n^thyltWo-8<iNr-{(^^ 

carbanK>yl].4-hydroxyben2yl}carbaiiK)ylH^thoxy)-23A5-telxahydro-l,2.5- 

benzothiadiazepine; 

U-Dioxo-3.3-dibutyl-5-phenyl.7-inethyltbio-8-[A^.^^^^^ 

5 (3.4-d^ydroxyphenyl)prop-2-y5carbam>yl}-4-hydn,xybe^^^^^ 3 4 5. 

tetrahydro-l,2,5-benzothiadiazq)me; 

14-DioxD-33-dibutyl-5-phenyl-7-n^thyltWo-8-(iV-{(R)-a-[^^ 

23 A5.6-pentahydroxyhexyl)carbaxrK>yl]-4.hydroxybenzyl}carbaxnDylme&^^^^^ 3 4 5- 
tetrahydro-l,2,5-benzotliiadiazepiiie; and 

10 l'l-I^ioxo.33-dx^utyl-5-pbeByl-7-methyltMo-8<iN.-{(R)-c^ 

23.4.5.6-pentahydroxyhexyl)carbanioyl]benzyl}carbaxrK.yIn^tboxy)-2.3A5 

l,2,5-benzothiadia2;epiiie; 

or a pharmaceuacally acceptebfe ^ «>ivate. «,lvate of such a sak or a prodrug tter«,f. 

.5 Apcordir«tt,aaadmeionalftittea^ofthep,««mi,™«ion 

combma&n oon-prf^ fl« admmsttaaon of an effbcttv. M«,„ut of a «„x,pouud 

of a>e pr««, inwntion tto fbrmula A opSonally teg«her with a pham^oeutioally acceptable 
dduen. or canier. wifl. ^ stotoeous. sequeaUal or .epara.e a*«s,ration one or n.,re of 
the fbUowing agents selected ftom 

20 a CETP (cholesteryl ester transfer protein) inhibitor, for exan^le those referenced and 

d^ribed in WO 00/38725 page7 line 22 - page 10, line 17 whichare incorporated herein by 
reference; ^ 

a cholesterol absorption antagonist for example azetidinones such as SCH 58235 and those 
described in US 5.767, 1 15 which are incorporated herein by reference; 
25 a MTP (nncroson^ transfer protein) inhibitor for example those described in Science. 282 
751-54. 1998 which are incorporated herein by reference; 

anicotinic acid derivative, including slow release and combination products, for exarx»,le 
mcotmic acid (niacin), acipimox and niceritrol; 
a phytosterol conq)ound for example stanols; 
30 probucol; 

an omega-3 fetty acid for example Omacor™; 

an anti-obesity confound for example orUstat (EP 129.748) and sibutramine (GB 2 184 122 
and US 4.929,629); ^. ^o^.i^^ 
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an antihypertensive compound for example an angiotensin converting enzyme (ACE) 
inhibitor, an angiotensin H receptor antagonist, an andrenergic blocker, an alpha andrenergic 
blocker, a beta andrenergic blocker for example metopiolol, a mixed alpha^eta andrenergic 
blocker, an andrenergic stimulant, calcium channel blocker, an AT-l blocker, a saluretic, a 

5 diuretic or a vasodilator; 

a CBl antagonist or inverse agonist for example as described in WOOl/70700 and BP 65635 • 

aspirin; * 

a Melanin concentrating hormone (MCH) antagonist; 
a PDK inhibitor; or 

10 modulators of nuclear receptors for example LXR, FXR, RXR, and RORalpha- 

or a phaimaceuticaUy acceptable salt, solvate, solvate of such a salt or a prodrug thereof 
optionally together with a pharmaceutically acceptable diluent or carrier to a warm-blooded 
animal, such as man in need of such therapeutic treatment. 

1. Particular ACE inhibitors or pharmaceuticaUy acceptable salts, solvates, solvate of such salts 
or a prodrugs thereof, including active metaboMtes, which can be used in combination with a 
compound of the invention include but are not limited to. the foflowing confounds: alacepril. 
alatriopnl, altiopril calcium, ancovenin, benazepril, benazepril hydrochloride, benazeprilat 
benzoylcaptopril. captopril. captopril-cysteine, captopril-glutatibione. ceran^ ceranopril' 
20 ceronapril, cilazapril, cilazaprilat. del^ril, del^ril-diacid, enalapril. enalaprilat, enapril 
^icaptopril, foroxymithine. fosfenopril. fosenopril, fosenopril sodium, fosinopril. fosinopril 
sodium, fosinoprilat. fosinoprihc acid, glycopril. hemorphin-4. idrapril, imidapril, indolapril 
mdolaprilat, Kbenzapril. Hsinopril. lyciumin A. lyciumin B. mixanpril. moexipril, moexiprillt 
nK)veltipril, muracein A, muracein B, moracein C. pentopril, perindoprii, perindoprilat 
25 pivalopril, pivopril, quinapril, quinapril hydrochloride, quinaprilat. ramipril, ramiprilat 
spirapnl, spirapril hydrochloride, spiraprilat. spiropril. spiropril hydrochloride, temocapril 
temocapril hydrochloride, teprotide. trandolapril, trandolaprilat. utibapril, zabicipril, 
zabiciprilat. zofenopril and zofenoprilat. Preferred ACE inhibitors for use in the present 
mvention are ramipril. ramiprilat, lisinopril, enalapril and enalaprilat. More preferred ACE 
30 inhibitors for uses in the present invention are ramipril and ramiprilat. 

Preferred angiotensin H antagonists, pharmaceutically acceptable salts, solvates, solvate of 
such salts or aprodrugs th^eof for use in cornbination with a compound of the invention 
niclude. but are not limited to, compounds: candesartan. candesartan cilexetil, losartan. 
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Of a 00^ J ^'^^'^ » said .oi^ an e«^«™ 

10 combination s«oti». ™ , ^ ™' °' °" «>o>PoniKfa d«cribed in this . 

Itareforeinanadditionalfeatureofthe invention. fl-«i„„„ 

hyperUpiden-ic condition, in a wam.blooded ^ -^t--^ ~<i of .bating 

" wmchcon^^esadn^i^CitZ^ "^""^"'^'''^'^ 
present invention o, a conjl '^'^ """" °' 

-i^^n.it..:~!:~r'^'^~"~ 

combination section or. ""°'^°^'*»°«»«»^mds described in this 

P^^ug U.::: " '"^'"^^ "^^'^''■^ »-'-»--lvate of .nc. a sau 



20 



a -1. or a p-oC^f " "'--^''"^'"^ -eptable salt. »,va.e. solute of 
« eerier. '^^"^'•"~°-"'*«P>---*an,acccptabIedil^^ 



or a 
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b) one of tbe other confounds described in this combination section or a pharmacemicaUy 
acceptable salt, solvate, solvate of such a salt or a prodrug thereof; in a second unit dosage 
form; and 

c) container means for containing said fibrst and second dosage forms. 

According to a further aspect of the present invention ihere is provided a kit comprising: 

a) a confound of the present invention together with a pharmaceutically acceptable diluent 
or carrier, in a &st unit dosage forn^ 

b) one of the other compounds described in this combination section or a pharmaceuticaUy 
acceptable salt, solvate, solvate of such a salt or a prodrug thereof, in a second unit dosage 
form; and 

c) container means for containmg said first and second dosage forms. 

Accordmg to another feature of the invention there is provided the use of a confound of the 
present invention of the present invention and one of the other compounds described in this 
combination section, or a pharmaceutically acceptable salt, solvate, solvate of such a salt or a 
prodrug thereof, in the manufacture of a medicament for use in the the treatment of metaboUc 
syndrome or type 2 diabetes and its associated con^Ucations in a warm-blooded animal, such 



as naan. 



According to another feature of the invention there is provided the use of a compound of the 
present invention and one of the other con^wunds described m this combination section, or a 
pharmaceuticaUy acceptable salt, solvate, sohrate of such a salt or a prodrug thereof, in the 
manufacture of a medicament for use in the treatment of hyperhpidaemic conditions in a 
warmrblooded animal, such as maiL 

According to a further aspect of the present invention there is provided a combination 
treatment comprising the administration of an effective amount of a conqwund of the present 
invention optionaUy together with a pharmaceuticaUy acceptable dUuent or carrier, with the 
simultaneous, sequential or separate administration of an effective aanount of one of the other 
con^unds described in this comibination section, or a pharmaceuticaUy acceptable salt, 
solvate, solvate of such a salt or a prodrug thereof, optionaUy together with a 
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I 

NMR and ^^C NMP m^oo, 

"NirV plu. 400 ToZ^ °" ^ ^--^ - Varian 

^?nn Tv/rw, . ^frequencies of 300 4nn ^nn™,^ 

600 MIfe, reapecavely. a-d a. »C i«penoiea of 73, 100 125 Id 150 Ji 

X-ray powder diffraction analysis (XRPD) was DerfhrmeH • 

prepared according to standard .eLs r '""''^ ^'^^ 

15 Standard methods are fore.. ' "^'^^ "^^"^ ^^^t an internal standard. 

mods are, for exanple described in CSiacovazzo C etainQQ';^ jr ^ 
Crystallography, Oxford University Pc^ss- Jenki., P Tj ^' Fundamentals of 

^----Crystallosr^^,^^^^ 

20 performed using a Siemens D^nnn h -«. . ^"""^^ "^^^"^ 

S ^^°^^D5000drffi:actometeroraPhiHpsX'PertMPD Vr« 
were performed using Cu-radiation a Siemens D5000 dif^ . " ''''' 

MFD. Ti^ X-axis in the fi^ i daffi-actometer and a PhiUps X'Pert 

A axis m the figures below is 2-theta and the Y axis is intensity 



P-pa^ by analogy w.th p„o«^ de^, ^ ^^^^ 
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with the Bxan^les below, and may show essentiaUy the same XRPD diffraction patterns 
and/or DSC and/or TGA thermograms as those disclosed herein. By "essentially the same" 
XRPD diffraction patterns and/or DSC and/or TGA thermograms, we include those instances 
when it is clear from the relevant patterns and/or thermograms (aUowing for experimental 
5 error) that essentiaUy the same crystaUine form has been formed. When provided, DSC onset 
ten5)eratures may vary in the range ±5°C (e.g. ±2°C), and XRPD distance values may vary in 
the range ±2 on the last decimal place. It will be appreciated by the skilled person that XRPD 
intensities may vary when measured for essentiaUy the same crystalline form for a variety of 
reasons including, for exan5)le, preferred orientation. 
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Abbreviations 



DMSO 


dimethyl sulfoxide 


THF 


tetrahydrofuran 


Pd/C 


palladium on charcoal 


15 DMAP 


dimethylamiiiopyridine 


t 


triplet 


s 


siQglet 


d 


doublet 


q 


quartet 


20 m 


multiplet 


bs 


broad singlet 


dm 


doublet of multiplet 


bt 


broad triplet 


dd 


doublet of doublet 


25 XRPD 


X-ray powder diffraction 


TGA 


thermogravimetric analysis 


DSC 


differential scanning calorioaetry 
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PreoaratinTi of Starrincr A/Tofoirifil 
Method 1 



a Ba.yi a^-v^4-^^f^.,^,,n^, n , „„ 

To a »Wo„ of ea.yl (2«-2..ao.y-3-(4.hydro.yphenyI)p™panoate (23.8 g, 100 

«?r^ " W099/62872) to ace.oni«,e (2(X, was aaded a^yd^^ 
carbonate (31.9 g. 231 n»o,) foaowed by be:.y, tamoacctate (17.4 nfl, 110 ^ 
^ .a. .fluxed overnight ^,on waa altowcd u> cool to „>oxn 

temperatu... »aolubIe .alts we,, filtered off and solution was oonceott«ed in .acuo Tb. 
rescue taken up in ethy, acetate (300 nO.), and the organic phaae was waahed with <«,ueoua 
NaHC03(3 x ^OO n^) and hrtne (1«, mL). dried over anhyd.ua MgSO. a^ concenld ^ 
mcuo. Purtf^ation on sffica gel with „»thylene chloride aa a» etaen. and collection of pu„ 
ftacaons yielded 22.4 g (58%) of a yellow oa 

'HNMR(400MHz,(3K;>3): O 1.16(,3H,. 1.22(, 3H), 2.93-2.97 („. 2H), 3.35 (n. IH, 3 60 

27^,y'^^,T''' ° ^-^^ 
128.6, 128.7, 130.6, 135.3, 156.7, 169.0, 172.6. 



25 



(ii) ■{4-r(2.?)-23-niethoYv ^ oxopmpv11ph.^^^^vtacP,rir>. ..fH 

TO a soMion of ethyl (2^-3-{4-[2-Cbenzyloxy)-2.oxoethoxy]p^^^^^^^^ 
(22.33 g, 57.8 xmnol) in freshly distiUed THF (290 rnL) was added Pd/C (10%, 3.1 g) «3d the 
30 „ nature was hydrogenated under atn^spheric pressure at rooxn temperature overnight 

affoid 16.6 g (97%) of a light yellow oil 



101078-1 GB 

- 24 - 




NMR (400 MHz. CDCI3): □ 1.15 (t. 3H). 1.21 (t, 3H). 2.93-2.98 (m, 2H). 3.35 (m, IH). 3.60 
(jn, IH), 3.97 (m, IH). 4.16 (q, 2H). 4.65 (s. 2H), 6.84 (d, 2H). 7.17 (d, 2H). 8.48 (bs. IH) 

^^C NMR (100 MHz. CDCfe): □ 14.3. 15.1. 38.5. 61.0. 65.1. 66.4. 80.3. 114.6. 130.7. 130 9 
156.4, 172.7. 173.7 

(iii) Ethyl r2.y)-2-ethoyY-3-(4-f7 fhexvl(2-phftnv1e.thvnaTnhin1-9-n.^^tbQxv^p h^T,vl^ 
propanoate 

To a solution of {4-[(25)-2.3-diethoxy-3-oxopropyl]phenoxy}acetic acid (0. 1 10 g. 0.37 irnml) in 
methylene chloride (3.7 mL) were added N-hexyl-2-phenylethylamine (0.080 g, 0.39 mmol) and 
DMAP (0.045 g. 0.37 nnnol) followed by l-ethyl-3-(3-diinethylannnopropyl)carbodiixnide 
hydrochloride (0.071 g. 0.37 mmol), and the reaction mixtoire was stirred at room temperature 
overnight. The mixture was diluted with methylene chloride (25 mL). and the organic phase was 
washed with 5% HCl (3 x 25 mL), aqueous NaHCOs (25 mL) and brine (25 mL). dried over 
Na2S04. and concentrated in vacuo. Purification on a prepacked column of siUca gel asolute® 
SPE Column, 5 g Si/25 mL) with methanol (0-1% gradient) m methylene chloride as the eluent 
yielded 0. 125 g (70%) of a colourless oil. 

^H NMR (400 MHz. CDCfe): □ 0.82-^.92 (m. 3H), 1.16 (t. 3H), 1.19-1.33 (m. 9H). 1.45-1.65 
(m, 2H). 2.82-2.90 (m. 2H), 2.91-2.98 (m. 2H). 3.12-3.21 and 3.29-3.42 (2m, 3H. rotamers) 
3.50-3.65 (m. 3H), 3.95 (m.lH), 4.16 (q. 2H). 4.39 and 4.65 (2s. 2H, rotamers). 6.75 and 6.86 
(2d. 2H. rotamers), 7.10-7.34 (m, 7H). 

^^C NMR (100 MHz. CDCI3): □ 14.0, 14.1. 14.3, 15.1, 22.6. 26.5, 26.7. 27.4, 29.0, 31.5, 31.6. 
33.9. 35.3, 38.5, 45.9. 48.1, 48.3, 48.9, 60.8, 66.2, 67.5, 80.4, 114.5, 126.4. 126.9, 128.5, 128.9.' 
130.1, 130.2, 130.5, 130.5. 138.3, 139.2, 156.9, 157.0. 167.6. 167.8. 172.5. (Tlie number of 
peaks is larger than the number of carbon atoms due to rotamers.) 

(iv) (2^-2-EthoxY-3-r4-(9- rhey vi(2-phenv1ethv1>ammo1-2-nvn^.^nvy | phenv^^^ ^^^ 

To a solution of ethyl (25)-2-ethoxy-3-(4-{2-[hexyK2-phenylethyl)amino]-2- 
oxoethoxy)phenyl)propanoate (0.081 g. 0.17 mmol) in THF (8.6 mL) was added 4.3 mL of a 
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0.10 M liOH solution and the reaction ■nixtui* was sthred at m„™ 

•eaction nnxture was acidified with 2M Hr, , " ovanight The 

ootnhined o^anic pha. .ZZ T^^JT^ T '"^'^ 
voc^o to affonl 0.073 . (96^) Of a ooloiTl ' 



'H >JMR (400 MHz. CDCfe): D 0.82-0.93 (m, 3H) 1 15 ft , ,o., „ , ^ 
(m, 2H), 2.80-2.99 (m, 3H) 3 00-3 09 nnT, ' 
3.5<.3..7 31,, t^l fnlX':, ( r 2^' Zl'T.lr 
rotan^s), 7.10-7.35 (n. m>. 8,86 (ba. IH). ^'^^ <^ ^ 



10 



"C NMR (100 MHz. CDCI3): □ 14 0 14 1 151 99^ 00^0.. 
.a..etfl^.hennn*e.ofcarbona.o„.dnetoto.ao«.; °' 



15 

Method 7 



1 ™!rr , ™ »*unh„ (53g) in tolnene (260. Ig) 

^''°™P^^*®'^*^tion,tbe reaction slurry was heated n^ti7« 
^ once w:.h a,„«,„a ..yd^gen chloride and once with water. Tie resulti^ .o^ene 

« Z N-phenethylacetan^ide (71.0 g) was coDected hy 

25 nitration, washed and dried. uy 

Itl^! carbonate (122.36g). l-chl0K> AT-phenethyUceUnnide (52.0g) 

e wass cooled and the morgamc aaUs were filtered ofif and washed with «»tonitrile 
The r^^, was reduced by distmation and diisoptopyl ether added 

iS cooled and ethyl (2«-2-e,hoxy-3-(4-{2.oxo-2.t(2 ° 
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phenylethyl)ammo]ethoxy}pheiiyl)propanoate (82g) is collected by mtration, washed and 
dried. 

c) A solution of ethyl (25)-2-ethoxy-3-(4-{2-oxo-2-[(2-phenylethyl)amino]ethoxy}- 
phenyl)propanoate(82.0g) in TBDP (356g) was added to a solution of Uthium hydroxide 
(14.6g) dissolved in water (600ml) . The mixture was stirred at room temperature. After 
complete reaction, the mixture was evaporated vaaiiet reduced pressure to remove THDP. After 
evaporation, the reaction mixture was cooled to room temperature and acidified with 
hydrochloric acid. The acidified product was extracted with ethyl acetate. The ethyl acetate 
solution was washed with water and evaporated to a reduced vohime. When no more water 
came off, the residual ethyl acetate solution was diluted with diisopropyl ether to initiate 

precipitation (25)-2-EthDxy-3-(4-{2-oxo-2-[(2-phenylethyl)ainino]ethoxy}phenyl)-propaiioic 
acid was filtered off and washed with diisopropyl ether and dried under vacuum 



d) Dimethylsulfoxide (DMSO) (2750 mL), potassium hydroxide powder (244 g) and (25)-2- 
ethoxy-3-(4-{2-oxo-2-[(2-phenylethyl)anmio]ethoxy}phenyl)propanoic acid (250 g) were 
stirred at approximately IS^C for ca 20 minutes. 1-Bromohexane (344 g = 292 mL) was 
added over 2.5 hours. The reaction mixture was stirred for approximately 10 minutes. 
Diisopropyl ether (1000 mL) was added followed by filtration, extraction and separation of 
the mixture. The DMSO layer was further extracted with diisopropyl ether (2x1000 mL). The 
DMSO layer was acidified with 4M HCl(aq) (950 naL). Diisopropyl ether (3000 mL) and 
water (2500 mL) were added followed by extraction. The layers were separated (pH~2 of aq 
layer) and the diisopropyl ether layer was washed with water (2500 mL). The diisopropyl 
ether layer was concentrated in vacuo to give the title compound as a clear, very viscous oil. 
Yield 317 g, assay 88.1%, corrected yield 91.1%, LC-purity 97.2%, e.e. 97.8%. 

Example 1 

(li?,2^-2-hvdroxvindan-1 -aiminp. r>f r2jf^-2-ethoxv-3-r4-f 2-rhexvir2-phenvlethv1^aTniTin1-9- 
oxoethoxviphenvnpm panoic acid 
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(1.51 ^ w^ absolved in eaylacemteas mvg) aexoorn^o^at^e. Ii.a(,IUSH*>cis- 

was a. .0. .e.^. p.*^ (,89 ^ ™ off «> give 

'H-NMR (400 MHz, CDCb): 

75aH,d).7.4-7.1(lQH.,r<,,S8(lH.d).6.6(iad),6.4(4H,bra),4.6(2H m, 44(2H 
m).1.3 (6H. br s). 1.1 (3H, m), 0.9 (3H, m). 

10 

flfi,2|^2-1,v^ .,,nrt n,-l-a^i„..„..^,,....^^^ ^ , ^ 

(2^)-2.E^oxy 3<^,2-n.xy,(2.^^^^^^ 
a09^,an.a.,2S,,.,.^.,,^.,^,^^ 

ml). Tte slurry was stinM a. ro„„ «»=pera««. filtered axKi solids washed with edryl 
acetate (1 „fl) and dried by suetioa Tie ptodua was oonfim^d as (lJ?.2«-2-hydroxyindan-l. 
- an«n.™„(2^,-2.eto,,.3^4-{2-[hexyIC!-phenyIea.yI)an»no]-2. > ^ 

oxoethoiyjphenygpropanoate with LC and XRPD. 

3. a^ the sohds washed wiUr isop.opyl acetate (20 nfl) and dried by suction give 0 97 , of 

title con5)ouiid. ^-^ ' S 
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Example 4 

L-arginme salt (2f^-?.-ethoxv--i.(4. f 2-rh exvir2-phCTv1ftthvnflm,Tir.-9. 
oxoethoxvph&n yDprop anoic arirl 

5 

L-Argmine, ( 1 1 .32g) was dissolved in 25 ml of distilled water at dCC. The wami clear 
solution of I^arginine in water was added under stirring to a solution of (25)-2-ethoxy3-(4-{2- 
[hexyl(2-phenylethyl)amino]-2-oxoetboxy}phenyl)propanoic acid (33g) in 2-propanol (150 
m?), The resulting solution was evaporated to an oil which was precipitated by adding 150 ml 

10 of isopropyl acetate under stirring. The amorphous salt was filtered off and dried under 

vacuum at 40°C. The yield was 36g. A small amount of material was dissolved in warm butyl 
acetate and was re-precq>itated by addition of cyclohexane. This material was dried in 
vacuum at 40°C and used for NMR analysis. 
^H-NMR (400 MHz, MeOD): 

IS 7.2 (7H, m). 6.9 (IH.d), 6.7 (IH, d), 4.7 (IH, s). 4.4 (IHs), 3.8 (IH, m), 3.6 (4H, m), 3.4 (IH. 
t). 3.2 (4H, m), 2.9 (4H, m). 1.9 (2H. m), 1.7 (2H, m). 1.6 (2H, br m). 1.3 (6H, br s). 1. 1 (3H. 
t). 

0.9 (3H, t) 

L-argjnipe salt r?.y)-?-pfhoxv-3-f4-f 2-m exvir2-pheTiv1ftthv1>>ammn-|-9- 
oxoethoxy}pVtnY?>propan"i>- a^i^ 

The (2J)-2-ethoxy3-(4-{2-[hexyl(2-phenylethyl)amino]-2-oxoethoxy}phenyl)propanoic acid 
25 (0.197 g) was dissolved in 95% ethanol and L-arginine (1 mole equiv) was added to the 

sohition. The solution was stirred at ambient temperature, foUowed by evaporation to dryness 
and addition of isooctane (10 ml/g). The slurry was stirred at room ten^erature, and the 
product was filtered off and analysed by XEIPD. 

30 Example 6 

fer^butylamine salt of r2.y>-2-ethoxv-3-r4-r9-r h exvir2-pbftTiv1P.thv l->^»,ir,n-|-9. 
OXOetfaoyy}phe.^Y]>rTOpannic arH 
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5 confirmed With NMR and XRPD. 



Properties 



'° tte"'''«l'V'^flnitn"1-'Z-nTn«.^ TYlrt"Tl1rn- i,l 

DSC ^owed an e,*,a^ ^ ^ 

^ -to^ poin.. Crystal. o,(lie,2«-2-.ydx„.yin<Un-l-an^ a^-a-eZ-sXT 
below and are Shown in Hgure A ""^atea 




Pbenyleflayl)a™>o].2-ox„«hoxy)ptany0propanoic acid 
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3.66 
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2.87 
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2.80 
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2.75 
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2.29 
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we,ghUoss of 12.7% w/w We«. 102.236«C. DSC ^y^ ™ 

g.ve a higher meiaz^potat. Crystalsof«„.bu.yla„*e^of(2S)-2-ethoxy-3-(4-(2- 
[be.«2-ptoyM^,)a„^,.2^^«i„,y,p^^,^p^^ ^ 

above ana/or h, oa^c. wa^) we. .oaly^ XWO, aad ^ul. „e 
10 below and are shown in Figure B *^"ui«ea 
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2-Theta - Scale 

Figvire B, XEiPD pattern of ^er^-butylamine salt of (2iS)-2-etlioxy-3-(4-{2-[hexyl(2- 
phenylethyl)airdno]-2-oxoethoxy}phenyl)propaiioic acid 
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BIOLOGICAL AcnvrrY 

PonnnlatioTi.s 

Coiiq)ouads were dissolved in DMSO to obtain 1 « T«A>r 0*11- 

'^''^^^ 16 mM stock solutions. Before assays, stock 

solutxons were further diluted in DMSO and culture media. 
GENERAL CHEMICALS AND REAGENTS 

Luciferase assay reagent was purchased from Packard TT<5A tjo 

, . ^ F *cu iromracjcard, USA. Restnction Enzymes were from 

Boehnnger and Vent polymerase from New England Biolabs. 



10 CELL ONES AND CELL CULTURE CONDITIONS 

U2-OS, (Osteogenic sarcoma. Human) was purchased from ATCC. USA Cells were 

n^difiedEagle medium (DMEM)with25mMglucose,2mMgluta^^ 
L-gIutamine.10% fetal calf serum, at 5% CO.. Phosphate buffered saline (PBS) without 
a^xonofcal^umormagnesiumwasus^^^ 

and 96-well cell culture plates were purchased from Wanach 
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PLASMID CONSTRUCTS FOR HETEROLOGOUS EXPRESSION 

Standard recombinant DNA techniques were carried out as described by Ausubel (7). The 
Luciferase reporter vector, pGLSUAS (clone consists of five copies of the GAL4 DNA 
binding sequence. 5'-CGACGGAGTACTGTCCTCCGAGCT-3'. cloned into the Sacl^hol 
sites of pGLB-Promoter (Ptomega). The SacKXhoI fragment carrying the UAS sites was 
constructed using annealed overlapping oligonucleotides. 

Expression vectors used are based upon pSG5 (Stratagene). All vectors contain an 
EcoRI/Nhel fragment encoding the DNA binding domain of GAL4 (encoding amino acid 
positions 1-145 of database accession number P04386) followed by an in-frame fusion to a 
fragment encoding the nuclear localisation sequence fromT antigen of Polyoma Virus. The 
nuclear localisation sequence was constructed using annealed overlapping oligonucleotides 
creating Nhel/Kpnl sticky ends (S'-CTAGCGCTCCTAGAAGAAACGCAAGGTTGGTAC- 
3'). The Ugand binding domains from human and mouse PPARa and human and mouse 
PPARy were PGR amplified as KpnI/BamHI fragments and cloned in frame to the GAL4 
DNA binding domain and the nuclear locaUsation sequence. The sequence of all plasmid 
constructs used were confirmed by sequencing. The following ejqjression vectors ware used 
for transient transfections: 




vector 


encoded PPAR subtype 


sequence reference^ 


pSGGALhPPa 


human PPARa 


S74349, nt 625-1530 


pSGGALmPPa 


murine PPARa 


X57638,nt 668-1573 


pSGGALhPPg 


hunoan PPARy 


U63415,nt 613-1518 


pSGGALmPP 
g 


murine PPARy 


U09138,nt 652-1577 



refers to nucleotide positions of database entry used to express the Ugand binding 



domain. 

TRANSIENT TRANSEECnONS 



Frozen stocks of cells from passage number six were thawed and expanded to passage number 
eight before transfections. Confluent cells were trypsinised, washed and pelleted by 
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«nWugaa.na. 270xg for 2™. ceU peDe. w« .esu^ i„ coM PBS « a«n 
concent^on of 18 x 10» caUsAra Aft« addiUon of DNA. ^ oeU sn^ion ™ 
mouba^d on ice for ^proxtoately 5 nnnn^ beibr. eteottoporation a. 230 V. 960 ^ fa 

"'^"^"''^™'"™*''-««'^-.oraoa22.5..™^eci& 
DNA(pBInescript,StralagHM). 

After electroporaaon. cells were diluted «, a concemrato of 320.000 celU/nJ in DMBM 

«^-P^'«^>-^>PP«>xima.eIy25.000ceU^wenwereseededin96-weUp,a.^^ I, 
.0 o^ «, anow cens u> recover, seeded pla.s we:, incubated a. 3rc for 3-4 hours before 
addttronof «s,con.po«nds. faassays forPPARo. tte ceU n«di„3n was supptanented witt 
re^-cbarcoa, stripped fetal calf serun. (PCS) in order fo avoid bac^u.^ sctivaion by fatty 

a^con^onents of the K:s. T,. resin-cbarcoal sMpped ICS was produced as follows; for 
500n,ofheat-u,activatedPCS. « g ctacoal and 25 g Bio-IUd Analytical G»de Anion 
Bxcbange Resin 200-400 n..h were «Med. sM d. solution was *=p. on a n»«netic at 
n,on. temperature over night "me foDowing day. the PCS was centriSrged a^ the stripping 
procedure was repeated for 4-6 hours. After the second the PCS was centri^ed 

and filter stailised in order to reniove remnants of charcoal and resin. 



20 



ASSAY PROCEDURE 



stock soMons Of compounds inDMSO were dUuted in appropriate concentration ranges 
n^ster plates. P„,m master plates, compounds were diluted m cutee media fo obuTL 

compound solutions for fmal doses. 



m 



Aft.adjus.men.of.heamonntofcelln^unito75;dineachwell.50,ltes.con^™a 
^Mtron was added. l^ansienUy transacted ceUs were e^tposed to compounds for about 24 
tours before the luciferase d«ec,ion assay was pcrfom^d. For hrciferase assays, 100 ;tl of 
aasay reagent was added manuaUy «> each weU and plates were left for appro^tely 20 

30 1120 Mnltiwen counter. Victor. fiomWallach. 
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Reference coDopounds 

The TZD pioglitazone was used as reference substance for activation of both human and 
murine PPARy. 5,8,1 1,14-Eicosatetrayonic acid (ETYA) was \ised as reference substance for 
human PPARa. 

5 Calculations and analysis 

For calculation of BC50 values, a concentration-effect curve was established. Values used 
were derived from the average of two or three independent measurements (after subtraction of 
the backgroimd average value) and were ejqpressed as the percentage of the mayimal 
activation obtained by the reference corqpound. Values were plotted against the logarithm of 

10 the test con5)Ound concentration. EC50 values were estimated by linear intercalation between 
the data points and calculating the concentration required to achieve 50% of the maximal 
activation obtaiaed by the reference compound. 

The con5)ounds of the present invention have an EC50 of less than 0.5|Limol/l for PPARa and 
15 preferred corqpounds have an BC50 of less than O.OS^mol/l for PPARa. The corrpounds of 
the present invention are more potent with respect to PPARa than with respect to PPARy. It 
is believed that this relationship is in^ortant with respect to the pharmacological activity of 
the conapounds and to their therapeutic profile. 

20 In addition the confounds of the present invention exhibit io^roved DMPK (Drug 

Metabolism and Pharmacokiaetic) properties, for example they exhibit improved metabolic 
stability in vitro, and also exhibit favourable dose response curves in vivo. The confounds 
also have a promising toxicological profile. 
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1. A compo>md selected torn one or more of (to foUowtog- 

a m.2-Uy^.y^^.,.^ °f (2^2-e4oxy.3-(4-{2«2.ptanylea,yl«. 
s 2-oxoethoxy)phenyl)propanoicacid; j^-nmoj 

axL-argmine .al. of (2«-2-ettoxy:3-(4.(2-[hexyK2-pbenylea.y0a™».2. 
oxoethoxyphenyOpropanoic acid; 

a,m.butylantoaaI.of(2S,.2.ea«xy-3K4-(2-D^xyl(2-phenylea>yDamiao-^ 
oxoethoxyphenyl)p!ropaiioic acid; 

.0 acholine salt of (25)-2-eaK>xy-3-(4-{2-[hexyl(2-phenylethyl)a^^^ 
oxoethDxy}phenyl)propanoic acid; 



or 



a W^ydr^xymemyDn^aylamine .aU of (2^-2-ea.xy-3-(4-(2-[hexyK2-p.«.yto«.y.)^,.2 

oxoethoxy}phenyl)propanoic acid. 

15 

2. A confound selected from 

a ( l«,2«-2-hydroxymda.-l-amiz.e ^ of (2«-2.eaK,xy-3-(4-(2-thexyK2-phenyIeU>y,)amtao]. 
2-oxoea>oxy}phenyl)propanoicacid; 

an L-argintoe sale of (2«-2-ettoxy-3.(4.{2-[hexyK2.phenylethyCainino-2- 
20 oxoefhoxyphenyOpropauoic acid; or 

a te«.bu.ylamtae aah of (2*)-2^a>oxy-3.(4.{2-[hexyK2.phenyleayl)a.ntao-2- 
oxoethoxyphenyl)propanoic acid. 

A aal. aa ctatoed fa claim 1 or claim 2 which may be a solvate, a hydrate, a mixed 
2J «>lvateaiydrate,aiiaiisotvateoranaiihydrate. 

4. AsaltaacWmedfaanyoi^ofclaimsItoS in crystal^ or partially cryatallfae form 
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ABSTRACT 
Title : Therapeutic Agents 

5 

A compound selected from one or more of the following: 
a( li?,25)-2-hydroxyindan-l-amine salt of (25)-2-ethoxy-3-(4-{2-|liexyl(2-phenylethyl)ainmo]- 
2-oxoethoxy}plienyl)propaaoic acid; 

an L-arginine salt of (2S)-2-ethDxy-3-(4-{2-I>exyl(2-phenylethyl)amino-2^ 
10 oxoethoxyphenyl)propanoic acid; 

a ^ert-butylamine salt of (25)-2-ethoxy-3-(4-{2-|>xyl(2-phenylethyl)amino-2- 
oxoethoxyphenyl)propanoic acid; 

a choline salt of (25)-2-ethoxy-3-(4-{2-[hexyl(2-phenylethyl)amino]-2- 
oxoethoxy}phenyl)propanoic acid; 
15 or 

a tris(hydroxymethyl)methylamine salt of (25)-2-ethoxy-3-(4-{2-Diexyl(2-phenylethyl)ainino]-2- 
oxoethoxy }phenyl)propanoic acid. 



